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Introduction 
 
In order to help facilitate scientific debate on GMO risks a literature search of peer-reviewed 
science was conducted on GMO risks resulting in the following bibliography. While there is a 
great deal of published science on genetic modification in general, there is far less that 
specifically targets the bio-safety issues associated with genetic modification. In order to make 
scientifically informed decisions relating to the adoption or regulation of this emerging 
technology, it is important that all of the relevant information is available to decision makers. 
One of the themes that has coloured the portrayal of the “GE” debate in the popular media is 
that of science on one side (supporting these innovations) and uninformed emotional 
arguments on the other. This bibliography is designed to help bring this debate into a scientific 
arena by providing references to bio-safety concerns that can be obtained by any decision 
making body. The decision to restrict this bibliography to scientific publications is designed to 
ensure that the arguments and the information presented has been scrutinised by scientists in 
the peer review or editorial process and as such should guard against non-scientific 
contributions to this important scientific debate. This has meant, however, that books written 
by scientists have been excluded from this bibliography, even though they may provide 
important contributions to the scientific debate. Of course, the issues surrounding the adoption 
and regulation of genetic modification are more than scientific, and include ethical, economic, 
cultural, legal, intellectual property, and liability dimensions. These themes are beyond the 
scope of this bibliography, which is explicitly focused on biological science. 
 
The primary focus of this collection of references is the risks to human health. Some sections 
of the bibliography venture slightly beyond this (e.g. the issues surrounding Bt toxin and 
animal welfare), but are none-the-less related (i.e. risks associated with non-target effects). In 
general the bibliography is organised according to the nature of the risk in question. The first 
section involves risks associated with the expression of the gene. The second category of risk 
is associated with expression of the transgene in non-target organisms. This includes  
possibilities of genetic transfer across species barriers (horizontal gene transfer) as well as the 
possibilities of transfer through pollination to wild relatives. These papers in no way imply 
that transgenes are any more likely to be transferred than any other gene. The third category of 
risk relates to risks inherent in genetic modification as such, independent of the gene 
expressed. These studies show that inserting transgenes can alter the interaction of the genome 
in unpredictable ways, and that trangenes may also be inherently more unstable or easily 
transferred than other genes. 
 
Risks Associated With Expression Of The Gene 
 
Resistance to Bt toxin 
 
Bacillus thuringiensis is a bacterium that produces a natural insecticide. The insecticide is 
used in organic agriculture as a non-toxic means of insect pest control. Biotechnologists have 
engineered plants to express this toxin by transferring a copy of the gene that codes for the 
toxin from the bacterium to a plant genome. One of the theoretical issues arising from any 
pesticide (this applies to conventional chemical pesticides as well as bioengineered pesticides) 
is the effect of a killing substance on the target population. Because a target population is a 
biological entity, and as such, subject to evolutionary and ecological processes, evolutionary 
ecologists would predict that a substance designed to kill insects would at the same time act as 
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a selection pressure for resistance to the same substance. This theoretical concern has been 
repeatedly demonstrated in conventional agriculture with the evolution of resistance to 
antibiotics in human medicine and in the evolution of resistance to chemical pesticides in 
agriculture. There are over 500 species of insect known to be resistant to insecticides (Green  
et al 1990). Because Bt toxin is an insecticide, and because it is constantly present in the host 
plant (i.e. 24 hours a day for the life of the plant) the argument from analogy would suggest 
that bioengineered Bt plants would produce a very high degree of selection pressure selecting 
for resistance to this toxin. This theoretical concern, expressed by scientists when Bt toxin was 
being promoted as a target effect in agricultural genetic engineering, has also produced 
empirical evidence of such selection pressure (as predicted), together with a range of other 
non-target effects. 
 
Agi, A., Mahaffey, J., Bradley, J., and van Dunn, J. (2001). Efficacy of seed mixes of 
transgenic Bt and nontransgenic cotton against bollworm, Helicoverpa zea Boddie. 
Journal of Cotton Science 5: 74-80. 
 
Alyokhin, A.V. & Ferro, D.N. (1999). Relative fitness of colorado potato beetle (Coleoptera: 
Chrysomelidae) resistant and sus-ceptible to the Bacillus thuringiensis Cry3A toxin. 
Journal of Economic Entomology 92: 510-515. 
 
Ballester V., Escriche B., Mensua J.L., Riethmacher G.W. and Ferre J. (1994). Lack of cross-
resistance to other Bacillus thuringiensis crystal proteins in a population of Plutella 
xylostella highly resistant to CryIA(b). Biocontrol Science and Technology 4: 437-443. 
 
Cannon, R.J.C. (2000). Bt transgenic crops: risks and benefits. Integrated Pest Management 
Reviews 5(3): 151-173. 
 
Cao, J., Tang, J.D., Strizhov, N., Shelton, A.M., and Earle, E.D. (1999). Transgenic broccoli 
with high levels of Bacillus thuringiensis Cry1C protein control diamondback moth 
larvae resistant to Cry1A or Cry1C. Molecular Breeding 5(2): 131-141. 
 
Carriere, Y., Dennehy, T.J., Pedersen, B., Haller, S., Ellers-Kirk, C., Antilla, L., Yong-Biao, 
L., Willott, E., and Tasbashnik, B.E. 2001. Large-scale management of insect resistance 
to transgenic cotton in Arizona: can transgenic insecticidal crops be sustained? Journal 
of Economic Entomology 94: 315-325. 
 
Carriere, Y., Ellers-Kirk, C., Patin, A.L., Sims, M.A., Meyer, S., Liu, Y.B., Dennehy T.J. and 
Tabashnik, B.E. (2001). Overwintering cost associated with resistance to transgenic 
cotton in the Pink bollworm (Lepidoptera:Gelechiidae). Journal of Economic 
Entomology 94: 935-941. 
 
Carriere, Y., Ellers-Kirk, C., Yong-Biao, L., Sims, M.A., Patin, A.L., Dennehy T.J., and 
Tabashnik, B.E. (2001). Fitness costs and maternal effects associated with resistance to 
transgenic cotton in the pink bollworm (Lepidoptera: Glelechiidae). Journal of Economic 
Entomology 94: 1571-1576. 
 
Chaufaux, J., Seguin, M., Swanson, J.J., Bourguet, D., and Seigfried, B.D. (2001). Chronis 
exposure of the European corn borer (Lepidoptera: Cambidae) to Cry1Ab Bacillus 
thuringiensis toxin. Journal of Economic Entomology 94: 1564-1570. 
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Cheong, H, Dhesi, R.K, Gill, S.S. (1997). Marginal cross-resistance to mosquitocidal Bacillus 
thuringiensis strains in Cry11A-resistant larvae: presence of Cry11A-like toxins in these 
strains. FEMS Microbiological Letters 153:419-24. 
 
Escriche B, Tabashnik B, Finson N, Ferre J. (1995) Immunohistochemical detection of 
binding of CryIA crystal proteins of Bacillus thuringiensis in highly resistant strains of 
Plutella xylostella (L.) From Hawaii. Biochemistry andBiophysics Research Community 
212:388-395. 
 
Ferr, T. J., Real, M.D., van Rie, J., Jansens, S., and Peferoen, M. (1991). Resistance to the 
Bacillus thuringiensis bioinsecticide in a field population of Putella zylostella is due to a 
change in a midgut membrane receptor. Proceedings of the National Academy of 
Sciences 88: 5119-5123. 
 
Ferre, J., and van Rie, J. (2002). Biochemistry and genetics of insect resistance to Bacillus 
thuringiensis. Annual Review of Entomology 47: 501-533. 
 
Forcada, C., Alcacer, E., Garcera, M.D., Tato, A. & Martinez, R. (1999). Resistance to 
Bacillus thuringiensis Cry1Ac toxin in three strains of Heliothis virescens: Proteolytic 
and SEM study of the larval midgut. Archives of Insect Biochemistry and Physiology, 42, 
51-63. 
 
Frutos, R., Rang, C., and Royer, M. (1999). Managing insect resistance to plants producing 
Bacillus thuringiensis toxins. Critical Reviews in Biotechnology 19(3): 227-276. 
 
Gould F, Martinez-Ramirez A, Anderson A, Ferre J, Silva FJ, Moar WJ. (1992). Broad-
spectrum resistance to Bacillus thuringiensis toxins in Heliothis virescens. Proceedings 
of the National Academy of Sciences 89: 7986-7990. 
 
Gould, F. (1998). Sustainability of transgenic insecticidal cultivars: integrating pest genetics 
and ecology. Annual Review of Entomology 43: 701-726. 
 
Gould, F. and B. E. Tabashnik. (1998). Bt-cotton resistance management. pp. 67-105 In: Now 
or never: serious new plans to save a natural pest control. M. Mellon and J. Rissler 
(eds.). Union of Concerned Scientists, Cambridge, Massachusetts. 
 
Gould, F., A. Martinez-Ramirez, A. Anderson, J. Ferre, F.J. Silva & W.J. Moar. (1992). 
Broad-spectrum resistance to Bacillus thuringiensis toxins in Heliothis virescens. 
Proceedings of the National Academy of Science 89:7986-7988. 
 
Gould, F., Anderson, A., Jones, A., Sumerford, D., Heckel, D.G. Lopez, J., Micinski, S., 
Leonard, R., and Laster, M. (1997). Initial frequency of alleles for resistance to Bacillus 
thuringiensis toxins in field populations of Heliothis virescens. Proceedings of the 
National Academy of Sciences 94: 3519-3523. 
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Gould, L.J., Gould, F., and Heckel, D.G. (2001). Identification of a gene associated with Bt 
resistance in Heliothis virescens. Science 293(5531): 857-860. 
 
Green, M.B., LeBaron, H.M, and Moberg, W.K. (eds) (1990). Managing resistance to 
agrochemicals. ACS Symposium Series, Washington DC, pp 3-16. 
 
Groeters, F.R., Tabashnik, B.E., Finson, N. & Johnson, M.W. (1994). Fitness cost of 
resistance to Bacillus thuringiensis in the diamondback moth (Plutella xylostella). 
Evolution 48: 197-201. 
 
Gujar, G.T., Kumari, A., Kalia, V., and Chandrashekar, K. (2000). Spatial and temporal 
variation in susceptibility of the American bollworm, Helicovera armigera (Hubner) to 
Bacillus thuringiensis var. kurstaki in India. Current Science 78(8): 995-1001. 
 
Hilder V.A. and Boulter D. (1999) Genetic engineering of crop plants for insect resistance – a 
critical review, Crop protection, 18: 177-191. 
 
Hokkanen, H.M.T., and Wearing, C.H. (1995) Assessing the risk of pest resistance evolution 
to Bacillus thuringiensis engineered into crop plants: a case study of oilseed rape. Field 
Crops Research 45: 171-179. 
 
Hoy, C. (1999) Colorado potato beetle resistance management strategies for transgenic 
potatoes. American Journal of Potato Research 76(4): 215-219. 
 
Hutchison, W.D. 1998. Managing insect resistance to BT crops: are the rules for resistance 
management any different? Resistant Pest Management 10: 2, 24-25. 
 
Jayaraman, K.S. 2002. Poor crop management plagues Bt cotton experiment in India. Nature 
Biotechnology 20: 1069. 
 
Kaiser, J. (1996) Pests overwhelm Bt cotton crop. Science, 273: 423. 
 
Keller M, Sneh B, Strizhov N, Prudovsky E, Regev A, Koncz C, et al. (1996) Digestion of 
delta-endotoxin by gut proteases may explain reduced sensitivity of advanced instar 
larvae of Spodoptera littoralis to CryIC. Insect Biochemistry and Molecular Biology 
26:365-73. 
 
Liu, Y. B. and B. E. Tabashnik. (1997). Experimental evidence that refuges delay insect 
adaptation to Bacillus thuringiensis. Proceedings of the Royal Society of London ser. B 
264: 605-610. 
 
Liu, Y.-B., Tabashnik B.E., and Johnson, M.W. (1995). Larval age affects resistance to 
Bacillus thuringiensis in diamondback moth (Lepidoptera: Plutellidae). Journal of 
Economic Entomology 88:788-792. 
 
Liu, Y.-B., Tabashnik, B.E., Dennehy, T.J., Patin, A.L. & Barlett, A.C. (1999). Development 
time and resistance to Bt crops. Nature 400: 519. 
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Lynch, R.E., Wiseman, B.R., Plaisted, D., and Warwick, D. (1999) Evaluation of transgenic 
sweetcorn hybrids expressing CryIA(b) toxin for resistance to corn earworm and fall 
armyworm (Lepidoptera: Noctuidae). Journal of Economic Entomology 92(1): 246-252. 
 
MacIntosh, S. Stone, T., Jokerst, S., and Fuchs, R. (1991). Binding of Bacillus thuringiensis 
proteins to a laboratory selected line of Heilothis virescens. Proceedings of the National 
Academy of Sciences 88(20): 8930-8933. 
 
Mallet, J. and Porter, P. (1992)  Preventing insect adaptation to insect-resistant crops: are seed 
mixtures or refugia the best strategy?  Proceedings of the Royal Society of London B 
250, 165-169. 
 
Mascarenhas, R. N., Boethel, D. J., Leonard, B. R., Boyd, M. L., and. Clemens, C. G. (1998).  
Resistance Monitoring to Bacillus thuringiensis Insecticides for Soybean Loopers 
(Lepidoptera: Noctuidae) Collected from Soybean and Transgenic Bt-Cotton. Journal of 
Economic Entomology 91: 1044-1050. 
 
Matten, S.R. 1998. EPA regulation of resistance management for Bt plant-pesticides and 
conventional pesticides. Resistant Pest Management 10: 2, 3-9. 
 
McGaughey, W. H. & D.E. Johnson. (1994). Influence of crystal protein composition of 
Bacillus thuringiensis strains on cross-resistance in Indianmeal moths (Lepidoptera: 
Pyralidae). Journal of Economic Entomology 87:535-540. 
 
McGaughey, W.H. and Whalon, M.E. (1992)  Managing insect resistance to Bacillus 
thuringiensis toxins.  Science 258, 1451-1455. 
 
Moar, W.J., M. Pusztai-Carey, H. van Faassen, D. Bosch, R. Frutos, C. Rang, K. Luo & M.J. 
Adang. (1995). Development of Bacillus thuringiensis Cry1C resistance by Spodoptera 
exigua (Hubner) (Lepidoptera: Noctuidae). Applied Environmental Microbiology 
61:2086-2092. 
 
Muller-Cohn, J., J. Chaufaux, C. Buisson, N. Gilois, V. Sanchis & D. Lereclus. (1994). 
Spodoptera littoralis resistance to the Bacillus thuringiensis Cry1C toxin and cross-
resistance to other toxins. p. 66. In Abstracts of the VIth International Colloquium on 
Invertebrate Pathology and Microbial Control 1994. Society of Invertebrate Pathology, 
Montpellier, France. 
 
Nielsen-Leroux C, Pasquier F, Charles JF, Sinegre G, Gaven B, Pasteur N. 1997. Resistance to 
Bacillus sphaericus involves different mechanisms in Culex pipiens (Diptera:Culicidae) 
larvae. Journal of Medical Entomology 34:321-327. 
 
Onstad, D.W. and Gould, F. (1998). Do dynamics of crop mutation and herbivorous insect life 
cycle influence the risk of adaptation to toxins in transgenic host plants? Environmental 
Entomology 27(3): 517-522. 
 
Oppert, B., Kramer, K.J., Beeman, R.W., Johnson, D. & McGaughey, W.H. (1997). 
Proteinase-mediated insect resistance to Bacillus thuringiensis toxins. Journal of 
Biochemistry 272: 23473-23476. 
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Perez, C.J., A.M. Shelton, and R.C. Derksen. (1995). Effect of application technology and 
Bacillus thuringiensis subspecies on management of B. thuringiensis subsp. kurstaki -
resistant diamondback moth (Lepidoptera: Plutellidae). Journal of Economic 
Entomology 88:1113-1119. 
 
Roush, R.T. (1994). Managing pests and their resistance to Bacillus thuringiensis: can 
transgenic crops be better than sprays? Biocontrol Science and Technology 4: 501-516. 
 
Sachs ES, Benedict JH, Stelly DM, Taylor JF, Altman DW, Berberich SA, Davis SK. (1998). 
Expression and segregation of genes encoding Cry1Ac insecticidal proteins in cotton. 
Crop Science 38: 1-11. 
 
Sharma, H.C., and Oritiz, R. (2000). Transgenics, pest management, and the environment. 
Current Science 79(4): 421-437. 
 
Shelton, A.M. Jr., J.L. Robertson, J.D. Tang, C. Perez, S.D. Eigenbrode, H.K. Preisler, W.T. 
Wilsey & R.J. Cooley (1993). Resistance of diamondback moth (Lepidoptera: 
Plutellidae) to Bacillus thuringiensis subspecies in the field. Journal of Economic 
Entomology 86:697-705. 
 
Shelton, A.M., Tang, J.D., Roush, R.T., Metz, T.D., and Earle, E.D. (2000) Field tests on 
managing resistance to Bt-engineered plants. Nature-Biotechnology 18: 3, 339-342. 
 
Tabashnik BE, Malvar T, Liu YB, Finson N, Borthakur D, Shin BS, et al. (1996) Cross-
resistance of the diamondback moth indicates altered interactions with domain II of 
Bacillus thuringiensis toxins. Applied Environmental Microbiology 62:2839-44. 
 
Tabashnik, B. E. (1997). Seeking the root of insect resistance to transgenic plants. 
Proceedings of the National Academy of Science. 94: 3488-3490. 
 
Tabashnik, B. E. , Y. B. Liu, N. Finson, L. Masson and D. G. Heckel. (1997). One gene in 
diamondback moth confers resistance to four Bacillus thuringiensis toxins. Proceedings 
of the National Academy of Science. 94: 1640-1644. 
 
Tabashnik, B. E., Y. B. Liu, T. Malvar, D. G. Heckel, L. Masson, V. Ballester, F. Granero, J. 
L. Ménsua and J. Ferré. (1997). Global variation in the genetic and biochemical basis of 
diamondback moth. resistance to Bacillus thuringiensis. Proceedings of the National 
Academy of Science.  94: 12780-12785. 
 
Tabashnik, B.E. (1994). Evolution of resistance to Bacillus thuringiensis. Annual Review of 
Entomology 39:47-79. 
 
Tabashnik, B.E. et al. (2000). Frequency of resistance to Bacillus thuringiensis in field 
populations of pink bollworm. Proceedings of the National Academy of Science 97: 
12980-12984. 
 
Tabashnik, B.E., N. Finson, M.W. Johnson & W.J. Moar. (1993). Resistance to toxins from 
Bacillus thuringiensis subsp. kurstaki causes minimal cross- resistance to B. 
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thuringiensis subsp. aizawai in the diamondback moth (Lepidoptera: Plutellidae). 
Applied Environmental Microbiology 59:1332-1335. 
 
Tabashnik, B.E., N. Finson, M.W. Johnson, (1991). Managing Resistance to Bacillus 
thuringiensis. Lessons from the Diamondback Moth (Lepidoptera: Plutellidae). Journal 
of Economic Entomology 84(2): 49-55. 
 
Tabashnik, B.E., N.L. Cushing, N. Finson, M.W. Johnson, (1990). Field development of 
resistance to Bacillus thuringiensis in diamondback moth (Lepidoptera: Plutellidae). 
Journal of Economic Entomology. 83: 1671-1676.  
 
Tang JD, Collins HL, Roush RT, Metz TD, Earle ED, Shelton AM.  1999.  Survivial, Weight 
Gain, and Oviposition of Resistant and Susceptible Plutella xylostella on Brocolli 
Expressing Cry1Ac toxin of Bacillus thuringiensis. Journal of Economic Entomology 
92(1): 47-55. 
 
Tang, J.D., A.M. Shelton, J. van Rie, S. de Roeck, W.J. Moar, R.T. Roush & M. Peferoen. 
(1996). Toxicity of Bacillus thuringiensis spore and crystal protein to resistant 
diamondback moth ( Plutella xylostella ). Applied Environmental Microbiology 62:564-
569. 
 
Zhao, J.Z., Li, Y.X., Collins, H.L., Cao, J., Earle, E.D., and Shelton, A.M. (2001). Different 
cross-resistance patterns in the diamondback moth (Lepidoptera: Plutellidae) resistant to 
Bacillus thuringiensis toxin Cry1C. Journal of Economic Entomology. 94(6): 1547-1552. 
 
Zhao-Jian-Zhou, Zhao-KuiJun, Lu-MeiGuang, Fan-XianLin, Guo-SanDui, Zhao-Zhao-K.J., 
Lu, M.G., Fan, X.L., and Guo, S.D. (1998). Interactions between Helicoverpa armigera 
and transgenic Bt cotton in North China. Scientia Agricultura Sinica 31(5): 1-6. 
 
Non-specificity of Bt insecticidal plants (non-target effects) (Monarch butterfly studies) 
 
Some of the non-target risks associated with transgenic insecticidal plants include non-target 
effects on beneficial organisms (e.g. insects and soil micro-fauna). The toxicity of the pollen 
of Bt plants on Monarch butterflies has received a lot of attention from both sides of the 
scientific divide. 
 
Hansen, L.C., and Obrycki, J.J. (2000). Field deposition of Bt transgenic corn pollen: lethal 
effects on the Monarch butterfly. Oecologica 125: 241-248. 
 
Losey, J.E., Rayor, L.S., and Carter, M.E. (1999)  Transgenic pollen harms monarch larvae.  
Nature 399, 214. 
 
Oberhauser, K. S., Prysby, M.D., Mattila, H.R., Stanley-Horn, D.E., Sears, M.K., Dively, G., 
Olson, E., Pleasants, J.M., Wai-ki F. Lam, and Hellmich, R.L. 2001. Temporal and 
spatial overlap between monarch larvae and corn pollen. Proceedings of the National 
Academy of Sciences 98: 11913-11918. 
 
Sears, M.K., Hellmich, R.L Stanley-Horn, D.E. Oberhauser, K.S. Pleasants, J.M. Mattila, H.R. 
Siegfried, B.D. and Dively, G.P. 2001. Impact of Bt corn pollen on monarch butterfly 
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populations: A risk assessment. Proceedings of the National Academy of Sciences 98: 
11937-11942. 
 
Stanley-Horn, D.E., Dively, G.P., Hellmich, R.L., Mattila, H.R., Sears, M.K., Rose, R., Jesse, 
L.C.H., Losey, J.E., Obrycki, J.J. & Lewis, L.C. (2001). Assessing the impact of 
Cry1Ab-expressing corn pollen on monarch butterfly larvae in field studies. Proceedings 
of the National Academy of Sciences 98: 11931-11936. 
 
Tabashnik, B.E., Liu, Y-B., Malvar, T., Heckel, D.G., Masson, L., Ballester, V., Granero, F., 
Ménsua, J.L. and Ferré, J. (1997)  Global variation in the genetic and biochemical basis 
of diamondback moth resistance to Bacillus thuringiensis.  Proceedings of the National 
Academy of Sciences USA 94, 12780-12785. 
 
Tschenni, J., Losey, J.E. Hansen, L. Obrycki, J.J., and Hufbauer, R. (2001). Effects of corn 
plants and corn pollen on monarch butterfly oviposition behaviour. Environmental 
Entomology 30: 495-500. 
 
(Some responses to the above studies on effects of Bt plants on Monarch butterfly) 
 
Hellmich, R.L., et al. 2001. Monarch larvae sensitivity to Bacillus thuringiensis-purified 
proteins and pollen. Proceedings of the National Academy of Sciences 98: 11925-11930.  
 
Pimentel, D.S., and Raven, P.H. 2000. Bt corn pollen impacts on nontarget Lepidoptera: 
Assessment of effects in nature. Proceedings of the National Academy of Sciences  97: 
8198-8199.  
 
Pleasants, J.M., et al. 2001. Corn pollen deposition on milkweeds in and near cornfields. 
Proceedings of the National Academy of Sciences 98: 11919-11924.  
 
Scriber, J.M. 2001. Bt or not Bt: Is that the question? Proceedings of the National Academy of 
Sciences 98 (22): 12328.  
 
Shelton, A. M. and Sears, M.K. (2001). The monarch butterfly controversy: scientific 
interpretations of a phenomenon. The Plant Journal 6: 483-488. 
 
Wraight, C.L., Zangerl, A.R., Carroll, M.J., and Berenbaum, M.R. 2000. Absence of toxicity 
of Bacillus thuringiensis pollen to black swallowtails under field conditions. 
Proceedings of the National Academy of Sciences  97: 7700-7703. 
 
Non-target effects of insecticidal plants (including Bt plants) on other insects 
 
Birch, A.N.E., Geoghegan, I.E., Majerus, M.E.N., McNicol, J.W., Hackett, C.A., Gatehouse, 
A.M.R. and Gatehouse, J.A. (1999)  Tri-trophic interactions involving pest aphids, 
predatory 2-spot ladybirds and transgenic potatoes expressing snowdrop lectin for aphid 
resistance.  Molecular Breeding 5, 75-83. 
 
Crecchio, C., and Stotzky, G. (1998). Insecticidal activity and biodegradation of the toxin 
from Bacillus thuringiensis ssp. kurstaki bound to humic acids from soil. Soil Biology 
and Biochemistry. 30(4): 463-470. 
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Cui, J. and J. Xia. 1998. Effects of transgenic Bt cotton (with early maturity) on population 
dynamics of main pests and their natural enemies. Acta Gossypii Sinica 10(5): 255-262. 
 
Cui, J. and J. Xia. 1999. Effects of transgenic Bt cotton on the population dynamics of natural 
enemies. Acta Gossypii Sinica 11(2): 84-91. 
 
Fitt, G., Mares, C., Llewellyn, D. (1994). Field evaluation and potential ecological impact of 
transgenic cottons (Gossypium hirsutum) in Australia. Biocontrol Science and 
Technology 4(4): 535-548. 
 
Hilbeck, A., Baumgartner, M., Fried, P.M. and Bigler, F. (1998)  Effects of transgenic 
Bacillus thuringiensis on mortality and development time of immature Chrysoperla 
carnea (Neuroptera: Chrysopidae).  Environmental Entomology 27: 480-487. 
 
Hilbeck, A., Moar, W.J., Putzai-Carey, M., Filippini, A. and Bigler, F. (1998)  Toxicity of 
Bacillus thuringiensis Cry1Ab toxin to the predator Chrysoperla carnea (Neuroptera: 
Chrysopidae).  Environmental Entomology 27, 1255-1263. 
 
Hilbeck, A., Moar, W.J., Putzai-Carey, M., Filippini, A. and Bigler, F. (1999)  Prey mediated 
effects of Cry1Ab toxin and protoxin and Cry2A protoxin on the predator Chrysoperla 
carnea.  Entomologia experimentalis et Applicata 91, 305-316. 
 
Obrycki, J.J., Losey, J.E., Taylor, O.R., and Hansen, L.C. (2001). Response to: Transgenic 
insecticidal corn: The agronomic and ecological rationale for its use. BioScience 51: 903-
905. Response to: Supporting a cautious approach to agricultural biotechnology. 
BioScience 51: 906. 
 
Obrycki, J.J., Losey, J.E., Taylor, O.R., and Hansen, L.C. 2001. Transgenic insecticidal corn: 
Beyond insecticidal toxicity to ecological complexity. BioScience 51: 353-361. 
 
Pimentel, D.S., and Raven, P.H. (2000). Bt corn pollen impacts on non-target lepidoptera: 
assessment of effects on nature. Proceedings of the National Academy of Sciences 
97(15): 8198-8199. 
 
Schuler, T.H. (2000). The impact of insect resistant GM crops on population of natural 
enemies. Antenna 24(2): 59-65. 
 
Schuler, T.H., Poppy, G., Kerry, B., and Denholm, L. (1999). Potential side effects of insect-
resistant transgenic plants on arthropod natural enemies. Trends in Biotechnology 12: 
210-216. 
 
Wold, S. J., Burkness, E.C., Hutchison, W.D. and Venette, R.C. 2001. In-field monitoring of 
beneficial insect populations in transgenic corn expressing a Bacillus thuringiensis toxin. 
Journal of Entomological Science 36(2): 177-187. 
 
Zangerl, A.R., Mckenna, D., Wraight, C.L., Carroll, M., Ficarello, P., Warner, R., and 
Berenbaum, M.R. 2001. Effects of exposure to event 176 Bacillus thuringiensis corn 
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Debate on Bt cotton in India 
 
Bharathan, G. (2000). Bt-cotton in India: anatomy of a controversy. Current Science 79(8): 
1067-1075. 
 
Responses to the above article: 
 
Bhatia, C.R. (2001). Bt-cotton in India. Current Science 80(3): 321-322. 
 
Barwale, RT.B. (2001) Bt-cotton: The view from MAHYCO. Current Science 80(3): 325-326. 
 
Response to the Barwale paper above: 
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Tapp, H. and Stotzky, G. (1998)  Persistence of the insecticidal toxin from Bacillus 
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proteins from Bacillus turingiensis subsp. kurstaki and subsp. tenebrionis on clay 
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Bt plants and human health 
 
A number of concerns have been raised about the effects on humans consuming plants 
expressing Bt toxin, although it is pointed out by some that the toxin is degraded rapidly in the 
acidic conditions of the mammalian gut (different to insect digestive biochemistry).  
 
Goldburg, R.J. and Tjaden, G. (1990)  Are B.T.K. plants really safe to eat?  Bio/technology 8, 
1011-1015. 
 
GM plant resistance to herbicides may lead to increase in spraying 
 
One of the target effects of using insecticidal plants in agriculture is the consequential 
reduction in the need for chemical pesticides to control insect pests. Because all agricultural 
systems exist within an ecosystem, and because agricultural systems are subject to ecological 
dynamics there is concern among scientists (particularly agri-ecologists) that numerous 
complex interrelationships can become disrupted by the introduction of bio-engineered toxins. 
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biotechnology 18, 242. 
 
Vertical And Horizontal Gene Transfer 
 
Survival of transgenic DNA in mammals (Horizontal Gene Transfer) 
 
One of the assumptions in genetic modification is that either transgenes are able to be 
contained in some way, or that any movement of transgenes is of little or no consequence in 
terms of risk. Until recently, the transfer of genetic material was assumed to be predominantly 
restricted to reproductive processes (both sexual and asexual). One of the biggest 
environmental and human health concerns associated with genetic modification is the ability 
to contain viable genetic material so that it does not spread to non-target species, crops or 
organisms. If viable DNA could only be transmitted by means of reproduction then 
containment would be relatively easy. The movement pathways for viable DNA are now 
understood to be far more complex. In recent years a significant stream of scientific research 
has shed light on the transfer of genes horizontally (i.e. outside the reproductive process and 
across species barriers).  
 
In order to contain genetic material one needs to establish effective barriers to the movement 
viable DNA into the wider environment. The normal pathways of DNA movement need to be 
removed or significantly obstructed. There are many pathways through which viable genetic 
material can travel. These include sexual reproduction and dispersal mechanisms (e.g. pollen, 
fruit, gametes, embryos, offspring), and non-sexual gene transferring material (e.g. horizontal 
gene transfer between bacteria and each other and between bacteria and higher organisms). 
Horizontal gene transfer only requires the exposure of viable genetic material to living 
bacteria. This genetic material need not be in a living organism, but could be in decaying 
material, faeces, or in the gut. 
 
This means that pathways for genetic exchange for a genetically modified organism include 
the passage of DNA:- 
From living cells of a GMO to bacteria either in the gut or in the soil 
From living cells of a GMO to the gut of parasites that can then disperse and reproduce at 
some distance of the GMO 
From dead or decaying cells of a GMO to bacteria  
In the form of naked GMO DNA that is attached to soil particles or contained in dung 
From bacteria to other organisms in the food chain. 
 
This passage of genetic material can then include any pathway by which bacteria travel in a 
viable form, such as by means of inoculation of soils, movement in ground water and surface 
water flows, in effluent that is carried elsewhere, on dust particles that are wind blown, in the 
gut of blood feeding insects and other parasites. Fences at the edge of a field trial present no 
barrier to the movement of DNA. GMO DNA therefore will not be restricted to the fields of 
field trials. If genetic material is transferred horizontally from bacteria to other organisms and 
taken up into the genome of those organisms then the pathways for the movement of 
transgenes (the genetically engineered gene) will include the normal movements and 
reproductive strategies for those organisms. 
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NB: The papers presented below, describing horizontal gene transfer, do not imply that 
transgenic DNA is any more (or less) likely to be absorbed than non-transgenic DNA. 
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191, 71-77. 
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gastrointestinal tract and the placenta as portals of entry.  Wein Klin. Wochenschr 110/2, 
40-44.   
 
Schubbert, R., Hohlweg, U., Renz, D. and Doerfler, W. (1998)  On the fate of orally ingested 
foreign DNA in mice: chromasomal association and placental transmission to the fetus.  
Molecular and General Genetics 259, 569-576. 
 
Schubbert, R., Renz, D., Schmitz, B. and Doerfler, W. (1997)  Foreign (M13) DNA ingested 
by mice reaches peripheral leukocytes, spleen, and liver via the intestinal wall mucosa 
and can be covalently linked to mouse DNA.  Proceedings of the National Academy of 
Sciences USA 94, 961-966. 
 
Schubbert, R., Lettmann, C. and Doerfler, W. (1994)  Ingested foreign (phage M13) DNA 
survives transiently in the gastrointestinal tract and enters the bloodstream of mice.  
Molecular and General Genetics 242, 495-504. 
 
Willerslev, E., Hansen, A.J., Binladen, J., Brand, T.B., Thomas, M., Gilbert, P.,  Shapiro, B.,  
Bunce, M., Wiuf, C., Gilichinsky, D.A., and Cooper, A. 2003. Diverse Plant and Animal 
Genetic Records from Holocene and Pleistocene Sediments. Science 300: 791-795. 
 
Other papers on horizontal gene transfer 
 
Forano, E. and Flint, HJ (2000)  Genetically modified organisms: consequences for ruminant 
health and nutrition.  Ann. Zootech 49, 255-271. 
 
Nielsen, K.M., Bones, A.M., Smalla, K. and van Elsas, J.D. (1998)  Horizontal gene transfer 
from transgenic plants to terrestrial bacteria – a rare event?  FEMS Microbiology 
Reviews 22, 79-103. 
 
Daane, I.L., Molina, J.A.E., Berry, E.C. and Sadowsky, M.J. (1996)  Influence of earthworm 
activity on gene transfer from Pseudomonas fluorescens to indigenous soil bacteria.  
Applied and Environmental Microbiology 62, 515-521. 
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Nikolich, M.P., Hong, G., Shoemaker, N.B. and Salyers, A.A. (1994)  Evidence for natural 
horizontal transfer of tetQ between bacteria that normally colonize humans and bacteria 
that normally colonize livestock.  Applied and Environmental Microbiology 60, 3255-
3260. 
 
Risks of transgene flow from GM plants to their wild relatives (super-weeds) 
 
Serious concerns have been raised in the scientific community about the risks of transgene 
escape into the wild relatives of crop plants (particularly for herbicidal resistant engineered 
plants) leading to super-weeds. Such weeds will not respond to the chemicals normally used to 
control them, necessitating an increase in the volume and toxicity of chemicals required to 
control such weeds. There is also a concern that insect resistance genes (in plants) may escape 
into the wild (particularly in a less toxic form than in a crop plant) leading to the more rapid 
development of resistance in insect populations. The science of gene flow influences on 
weediness is still in its relatively early stages and much of the research so far has focused on 
the mechanisms for gene flow (between crops and their wild relatives) as a natural 
phenomenon and the effects of this in the case of herbicide resistant or insect resistant 
transgenic plants. A number of the papers listed below have shown the existence of gene flow 
from a transgenic crop to a wild relative. The implications of this for biosecurity are yet to be 
fully understood among scientists, although theoretical concerns combined with empirical  
evidence that such concerns are valid seems to define the current state of knowledge. There 
will be debate as to the ability to manage this situation, and whether the external costs of such 
gene flow outweighs the risks. (It is not known whether the scientific papers marked with 
‘*’were peer reviewed.) 
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Wehres, and Schuphan, I. (2002). Monitoring the Environmental Consequences of Gene 
Flow from Transgenic Sugar Beet. Pp. 78-93. Proceedings of the Gene Flow Workshop, 
The Ohio State University, March 5 and 6, 2002. 
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Chèvre, A-M., Eber, F., Baranger, A. and Renard, M. (1997)  Gene flow from transgenic 
crops.  Nature 389, 924. 
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Oikos 63(1): 77-86. 
 
Ellstrand, N.C., Prentice, H.C., Hancock, J.F. (1999). Gene flow and introgression from 
domesticated plants into their wild relatives. Annual Review of Ecology and Systematics 
30: 539-563. 
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of invasiveness in plants? Proceedings of the National Academy of Sciences 97(13): 
7043-7050. 
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the Gene Flow Workshop, The Ohio State University, March 5 and 6, 2002. 
 
Giddings, G.D., Hammilton, N.R.S., and Hayward, M.D. (1997). The release of genetically 
modified grasses. Part 2: The influence of wind direction on pollen dispersal. Theoretical 
and Applied Genetics 94: 1007-1014. 
 
Halfhill, M.D., Millwood, R.J. Raymer, P.L. and Stewart, Jr. C.N. 2002. Bt-transgenic oilseed 
rape hybridization with its weedy relative, Brassica rapa. Environmental Biosafety 
Research 1: 19-28. 
 
Holt, J. (2002). Prevalence and Management of Herbicide-Resistant Weeds. Pp. 47-57. 
Proceedings of the Gene Flow Workshop, The Ohio State University, March 5 and 6, 
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Jergensen, R., Hauser, T., Mikkelsen, T., and Ostergard, H. (1996). Transfer of engineered 
genes from crop to wild plants. Trends in Plant Science 1(10): 356-358. 
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genetically modified crops.  Plant Biotechnology 16, 69-71. 
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raphanistrum: potential for gene introgression. Euphytica 95: 127-139. 
 
Linder, C.R., Schmitt, J. (1995). Potential persistence of escaped transgenes: performance of 
transgenic oil-modified Brassica seeds and seedlings. Ecological Applications 5: 1056-
1068. 
 
Linder, C.R. (1998). Potential persistence of transgenes: seed performance of transgenic 
canola and wild x canola hybrids. Ecological Applications 894: 1180-1195. 
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Cucurbita pepo to "free-living" C. pepo populations. Pp 71-77, Proceedings of the Gene 
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Theoretical and Applied Genetics 104(4): 555-560. 
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Risks Inherent In The System Of Genetic Modification Itself 
 
One of the most significant issues associated with the risks of genetic engineering focuses on 
whether assessments should be restricted to risks associated with particular applications of the 
technology or whether there are any risks associated with the technology itself. If there are 
problems with the technology itself then the scope of risks are much greater than case-by-case 
concerns. One of the key issues here centres around the inability to control the location of the 
transgene (millions of copies) in the host genome. The consequent potential disruptions to the 
host genome (with the potential to produce unpredictable effects) are one of the most 
significant and fundamental criticisms of transgenics among scientific commentators. 
 
Gene therapy trials and unpredictability of transgene 
 
The articles below provide evidence that the viral vector used to insert the transgene has a 
higher chance of inserting itself into a position on the genome where its expression would 
cause cancer than can be accounted for by chance effects. This is not a criticism of gene 
therapy itself, it can still be argued, quite reasonably, that the benefits of this therapy outweigh 
the risks. It does however highlight the unpredictable nature of gene insertion. 
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Lancet 360, 1185-1186. 
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C, Wahlers, A, Frank, O, Sotertag, W, Kuhlcke, K, Eckert, H-G, Fehse, B and Baum, C. 
(2002)  Murine leukemia induced by retroviral gene marking.  Science 296, 497. 
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Inherent instability of transposons and vectors 
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Nature 395, 25. 
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for recent invasion of the medusa fish genome by the Tol2 transposable element.  
Genetics 155, 273-281. 
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genomic location on horizontal transfer of a recombinant gene cassette between 
Pseudomonas strains in the rhizosphere and spermosphere of barley seedlings.  Current 
Microbiology 42, 160-167. 
 
Note: This short paper has major significance. It provides experimental evidence that 
transgenes from genetically modified plants are more likely to spread among wild weedy 
relatives than non-transgenes. 
 
Ho, M-W., Traavik, T., Olsvik, O., Tappeser, B., Howard, C.V., von Weizsacker, C. and 
McGavin, G.C. (1998)  Gene technology and gene ecology of infectious diseases.  
Microbial Ecology n Health and Disease 10, 33-59. 
 
Animal Welfare Concerns 
 
The intrusive nature of cloning and transgenic experimentation on animals is inherent in the 
system of animal transgenics. The control of animal cellular development depends on a 
complex interaction between genetic and epigenetic effects.  Disrupting these through cloning 
and gene insertion can lead to abnormalities in the developing embryo which causes suffering 
both to the new born animal and to the surrogate mothers.  Many of the papers here are by 
researchers who support the technology, but all clearly show the suffering involved in the 
processes. Whilst these papers do not necessarily address the animal welfare concerns as such 
(i.e. in terms of an ethical discourse), they do provide important contributions to any ethical 
debate that wanted to be scientifically informed. 
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Compositional Difference Between Transgenic And Non-Transgenic Plants 
 
One of the principles of GM food safety put forward by organisations promoting GM foods is 
that genetically modified food crops are substantially equivalent to their conventional 
counterparts derived from conventional breeding. This assumption has been challenged by 
scientists on theoretical grounds, and the papers below provide empirical evidence that in fact, 
GM plants are often substantially different from their conventional counterparts. Indeed, the 
expression of novel proteins is one of the target effects in GM crop production, and for such a 
protein to be truly novel (and the gene sequence patentable) it would have to be substantially 
different from the original. 
 
One way of testing the equivalence of GM and non-GM plants is to test their compositional 
characteristics. When the compositional differences are unrelated to the product expressed by 
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genome, producing unpredictable effects. The authors cited below often play down any 
compositional differences, to the extent that the abstract and even the title can be misleading. 
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Miscellaneous Environmental Effects Caused By The Transgene Or Its Insertion    
 
Experimental evidence showing that the transgene produces unpredictable consequences 
unrelated to the expression of that particular gene. In other words, the unpredictable 
consequences predicted by gene ecologists (resulting from the disruption of the host genome 
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Feeding Studies Showing Differences In Effects Of GM And Non-GM Foods 
 
As is the case for substantial equivalence, the abstracts and titles can be misleading.  Authors 
often assume that if a difference is not harmful it is not significant. Even non-harmful 
differences however, highlight the ways in which transgenes may modify the characteristics of 
the plant in unpredictable ways. 
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The Possible Link Between GM Tryptophan And Eosinophilia-Myalgia Syndrome 
 
One of the more well known cases of a non-target effect of a genetic modification process and 
product associated with human health is the case of L-tryptophan – a genetically engineered 
dietary supplement that, although sold as a health product, caused Eosinophilia-myalgia 
Syndrome (a multi-systemic, chronic, autoimmune disease), which by 1992 killed 37 people 
and left approximately 1,500 permanently disabled. The product was contaminated with a 
novel amino acid not present in conventional (non-GM) tryptophan. 
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Transgenic Animals And Prion Diseases 
 
Prions are proteins that can influence the folding (shape) of other proteins in a way that is 
inheritable (and hence gene-like), a form of which is responsible for mad cow disease and 
associated CJD (the human form). There is concern among some scientists that the 
engineering of transgenic animals may create conditions that foster the development of new 
prion borne diseases. Prion diseases are sometimes called spongiform encephalopathies due to 
the appearance of the brain tissue following post mortem examinations. Prion diseases in 
animals include scrapie (sheep), TME or transmissible mink encephalopathy (mink), CWD or 
chronic wasting disease (muledeer, elk), BSE or bovine spongiform encephalopathy (cows). In 
humans prions cause CJD (Creutzfeld-Jacob Disease), GSS (Gerstmann-Straussler-Scheinker 
syndrome), FFI (Fatal familial Insomnia), Kuru, and Alpers Syndrome. 
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General Warnings/Admonitions 
 
A number of studies mention general warnings about the safety of genetic modification, in 
terms of food safety and in particular potential allergenic effects. Genetic modification is often 
about introducing gene sequences into organisms that enable them to produce proteins that 
they were not otherwise able to produce. Proteins are fundamental building blocks in living 
organisms and play a wide variety of physiological roles. Sometimes novel proteins comprise 
a desired (i.e. target) effect in a food crop, where that crop (or any crop) has never expressed 
that protein (e.g. it may be from an animal). Such novel proteins may also have never been in 
the human diet and as such are novel not only to the plant but novel to those that consume 
such plants. Allergens are commonly proteins, and novel proteins are potential allergens. 
Some allergens are fatal (e.g. peanuts are fatal to some people) where they produce an 
anaphylactic reaction (as with bee stings). Given that novel proteins are potential allergens, 
and given that novel allergens are potentially fatal, it stands to reason that any product that 
was produced for human consumption (whether as a food or a drug) should be subject to 
safety testing that included testing for potential allergenicity. Such testing is required for 
pharmaceuticals but not for GM foods – hence the concern. 
 
The papers listed below are not restricted to those concerned about potential allergenicity of 
GM foods, but also include other concerns as well, including the application of the 
precautionary principle to genetic modification, genetic pollution, and general health risks 
worth consideration according to these scientists. 
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Conclusion 
 
It should be clear from the above collection of scientific publications (which is not exhaustive 
by any means), that concern about the risks of genetic modification is not merely a debate 
between scientists on the one hand and well meaning but mis-informed lay people on the 
other. It is a genuine scientific and philosophical debate. Given that studies such as those listed 
above exist in the published literature, and are therefore available to regulators and decision-
makers (and their advisory staff) world wide, there is no reason why they cannot be taken into 
account when regulatory decisions are made on the use and control of GM technologies and 
their applications. 
